Under physiological salt concentration, plasmid DNA compossible reason for this effect. Application of the small parplexed with transferrin-conjugated or unmodified polyethyticles in more concentrated form and over extended perlenimine (PEI, 800 kDa) forms huge (up to Ͼ1000 nm) iods of time improves transfection activity. Reduced intraaggregates, unless the individual components are mixed cellular release may be another explanation for the at a highly positive nitrogen/phosphate (N/P) charge ratio.
Introduction
A common goal in gene therapy is the delivery of genes from the application site to the surface of the target cells, followed by an efficient uptake and transport across intracellular barriers into the nucleus of the cells. Among others, nonviral gene transfer systems are being optimized for this purpose. Requirements for overcoming each of the extracellular or intracellular barriers can be quite different, and optimizing delivery at one step may impair efficiency at another step. One parameter addressed in the current paper is the size of DNA/polyethylenimine complexes and its correlation with transfection efficiency.
Condensed DNA particles of small size have been considered to be a critical parameter for in vivo delivery because of known physical restrictions for example in the vascular system, dimension of fenestrations (through which the material must pass to gain access to the target cells) and diffusion in the tissues. Less attention has been placed on the effect of the size of transfection particles in cell culture experiments, where the technically challenging extracellular physiological barriers are simply bypassed by adding complexes directly to the cells.
Ligand-conjugated polycations are widely used for gene transfer, since these compounds complex and condense DNA, bind it to specific cellular receptors and promote efficient internalization of the complexes by recep-tor-mediated endocytosis. 1, 2 The notion has been that the condensation of DNA into small particles might be critical not only for in vivo distribution, 3, 4 but also for efficient cellular uptake by endocytosis through clathrin-coated pit mechanisms in cell culture. In this respect, transferrin-polylysine-mediated gene transfer into the erythroleukemia cell line K562 was found to be far more effective when DNA was condensed into particles of approximately 80-100 nm. 5 On the other hand, studies with ligand-free gene transfer particles such as active dendrimers showed no such clear correlation with the complex size. 6, 7 Moreover, large transfection particles such as calcium phosphate or DEAE dextran/DNA precipitates are able to transfect cultured cells by other, less size-limited mechanisms.
One very useful polycation is polyethylenimine and its derivatives. These compounds were found to be efficient polycationic transfection agents in vitro and in vivo. [8] [9] [10] [11] [12] We wanted to examine the influence of particle size of DNA/transferrin-polyethylenimine complexes on transfection efficiency. As described here, we discovered that the size of DNA complexes with polyethylenimine or transferrin-polyethylenimine is influenced by parameters such as the charge ratio of polycation to DNA, ionic strength of solution, DNA concentration, or serum content of culture medium. A strong correlation of DNA particle size with the relative gene expression was found. This observation might be most relevant for the further design of ex vivo and in vivo gene transfer particles.
Results
The N/P charge ratio influences the size of DNA/PEI complexes The PEI cation:DNA anion ratio is presented as the molar ratio of PEI nitrogen to DNA phosphate (N/P). When mixing DNA/PEI complexes in HEPES buffered 150 mm saline (HBS), at low N/P charge ratios close to electroneutrality a strong tendency for aggregation is found, which can be avoided by increasing the N/P ratio to 6 or higher (Figure 1 ). DNA complexes with PEI and PEI conjugated to different amounts of transferrin (Tf-PEI) behave in a similar, but not identical manner. Particle size generated with transferrin-rich Tf4PEI or Tf8PEI at low N/P is smaller than with unmodified PEI, while DNA/Tf2PEI complexes are small only at N/P ratios equal or above 7.2. The reasons for this ligand effect are not completely clear, but may be influenced by the fact that transferrin is a very soluble plasma protein which, when incorporated in sufficient amounts, would stabilize complexes in solution also around electroneutrality; this has previously been observed with transferrin-polylysine complexes. 13 In addition, transferrin is negatively charged, which would explain the requirement of a slightly higher N/P ratio for Tf2PEI.
At higher DNA concentrations (320 g/ml) the aggregation effects were even more pronounced, with large aggregates found at all charge ratios below 8.4 (data not shown).
Mixing of complexes at low ionic strength prevents aggregation A remarkably different property can be observed with complexes that are mixed under low ionic conditions such as in water, in 20 mm HEPES buffer, or 20 mm HEPES buffer containing 5% glucose (HBG). Under salt- free conditions even at low charge ratios (where complexes mixed in HBS cause large aggregates) no aggregation is observed (Figure 1, dashed lines) . This effect is found at DNA concentrations up to 50 g/ml. In addition, small complexes formed at low ionic strength do not aggregate even after several days of storage at room temperature, whereas complexes formed in HBS at a charge ratio N/P around 6 show a tendency to aggregate with time ( Figure 2 ). Similar findings as with the PEI complexes were made with TfPEI complexes (data not shown). The main fraction of the complexes formed at low ionic strength consists of particles with an average diameter of approximately 30-50 nm, with only a minor fraction consisting of larger aggregates (insert Figure 2 : multimodal size distribution). Electron microscopy ( Figure 3 ) revealed that particles are spherical with a uniform size of approximately 30-60 nm, whereas the few larger complexes consist of aggregated spherical particles. With complexes freshly generated in HBS small complexes are also detectable, but only at high charge ratios. We performed an agarose gel retardation assay to check whether the DNA is completely incorporated into the complex generated either in HBS or water. In both cases the DNA was completely retarded at N/P ratios у2.4.
FCS prevents aggregation of complexes in cell culture medium When small DNA/TfPEI complexes generated under low ionic conditions (in HBG) are added to serum-free culture medium, aggregation is observed, due to the salts present in the medium (Figure 4 , right lane). Using FCSsupplemented medium, no particle growth was found. A possible explanation for this phenomenon is that adsorption of serum proteins to the complex surface, preventing particle/particle contacts, is responsible for the stabilization of the particles. Therefore, FCS supplemented medium was used in subsequent experiments to evaluate a possible correlation of complex size with gene delivery.
Influence of DNA complex size on the transfection efficiency The effect of particle size on transfection efficiency has been determined using three different cell lines ( Figure  5 ). Interestingly, in all cases the small DNA/Tf-PEI complexes generated under salt-free conditions (HBG) resulted in reduced transfection efficiency. While in the murine melanoma cell line B16F10 only a slight reduction was observed, with Neuro 2A cells and K562 cells the size stabilizing effect is causing a more than 100-fold reduction in gene expression with complexes mixed under salt-free conditions (Figure 5a ). A similar, more than 100-fold difference was also observed in the case of B16F10 cells, when lower amounts (2.5 g) of DNA were used for transfection (data not shown). When DNA/Tf-PEI complexes are formed in HBG at higher DNA concentration, particle size increases (see Figure 5b ). Again a clear correlation between particle size and transfection efficiency was observed, when equal amounts (5 g) of these DNA complexes were applied to Neuro2A cells.
Comparison of the results of DNA particles size and gene expression reveals that the complex size can be a crucial factor for transfection efficiency. Large complexes showed high transfection efficiency, the efficiency of small complexes, depending on the cell line, is significantly to strongly reduced. This finding was independent of the presence or absence of the ligand transferrin. The effect was observed within a range of charge ratios 4.8 and 6.0, but was less pronounced at higher charge ratios N/P 7.2 or 8.4, consistent with the observation that aggregate formation is reduced (Figure 5c and d) .
Osmotic effect as an alternative explanation for the 'salt effect' could be ruled out by the following observation: (1) transfection efficiency of complexes formed at low ionic strength did not improve upon addition of up to 30% sucrose; and (2) transfection efficiency of complexes formed in HBS did not change when diluted with water (MK and EW, unpublished observations). Moreover, no obvious biochemical differences in the DNA/polycation complex distribution were detectable: in the agarose gel retardation assay, DNA/TfPEI complexes formed in HBS or water showed the same behavior, with no free DNA detectable at N/P ratios Ͼ2 (data not shown). Also, addition of up to 10 mm chloroquine (see below) to complexes with a N/P 6 did not result in any change in the gel retardation assay.
Influence of the transfection volume
One possible reason for the reduced efficiency of small complexes could be the fact that, due to their limited mobility by Brownian molecular motion, only a minor fraction of small particles can reach the cell surfaces, whereas larger, aggregated particles can not only move by Brownian motion, but can sediment as well and thus come into close contact with the cell surface much faster. FACS analysis of Neuro2A cells incubated with fluorescently labelled DNA/TfPEI complexes showed a 10-fold higher cell association between cells and the large complexes mixed in HBS compared with the small complexes mixed under low ionic conditions (data not shown).
To test this hypothesis, we reduced the transfection volume in order to increase the relative concentration of complexes in the transfection medium. By decreasing the transfection volume on Neuro2A cells from 1.5 ml to 0.25 ml, a 14-fold increase in transfection efficiency with saltfree complexes can be obtained, whereas with complexes mixed in HBS only a moderate increase is achieved ( Figure 6 ). In addition, increasing the incubation time of cells with transfection complexes from 4 h to 3 days increased gene expression in the case of the small particles 20-fold, whereas in the case of the large particles expression did not change (data not shown).
Enhanced expression by addition of endosomally active compounds (chloroquine or INF5) Although the transfection efficiency of the small complexes can be significantly increased by reducing the transfection volume or increasing transfection time, the efficiency was still lower than with the large HBS complexes. We wanted to know whether a reduced endosomal release might be another, additional reason for the decreased activity of small complexes. Therefore the lysosomotropic drug chloroquine (which similarly to PEI can act through osmotic swelling) was added during transfection. For both Neuro2A and K562 cell lines, a significant increase in transfection efficiency was obtained for saltfree complexes, whereas the efficiency of aggregated complexes was not increased (Figure 7) . In control experiments it was shown that chloroquine did not aggregate the small complexes even at higher concentration (1 mm) (data not shown).
By combining both parameters (higher complex concentration for enhanced cell association, addition of chloroquine for enhanced internal release) an additive effect on transfection was found ( Figure 8 ). When instead of chloroquine, the pH-specific, membrane-active influenza HA-2-derived peptide INF5 was applied, a similar enhancing effect on gene expression of Neuro 2A cells (Figure 9 ) was observed. The negatively charged INF5 was added after complex formation. Previous work 14 in our laboratory suggests that the negatively charged influenza peptides ionically interacts with the polycations. In agreement with the assumption that this binding is leading to a partial charge neutralization, aggregation of the particles can be observed above a weight ratio of 0.7/1 (w/w) peptide/PEI, depending on the amount of peptide used (Figure 9a ). To separate this peptide effect on particle size from an endosomolytic effect, INF5 was applied at lower w/w ratios (Figure 9b ) where no aggregation of particles is observed. The enhancing effect of INF5 was also found at these low w/w ratios with small particles, indicating an endosomolytic effect as the most probable explanation for the effect.
Percentage of transfected cells and intensity of gene expression
The reduced luciferase gene expression levels mediated by gene transfer with the small particles may be the result of fewer expressing cells and/or lower expression levels per cell. For this purpose, Neuro2A cells were cotransfected with a mixture of a luciferase and a green fluorescence protein (GFP) expression plasmid. Total transfection efficiency is presented as luciferase activity, the percentage of transfected cells and the average intensity of the transfected cells were determined by FACS analysis of the GFP expression (Table 1) . Complexes formed in HBS were compared with complexes formed in HBG, in the absence or presence of chloroquine. Interestingly, although luciferase expression of HBS complexes was about 20-fold higher than with HBG complexes, the percentage of expressing cells was less than three-fold higher (28 versus 12%). The larger difference was seen in the average intensity of GFP expression per cell (relative intensities 664 for HBS complexes versus 137 for HBG complexes, respectively).
Addition of chloroquine strongly (approximately 10-fold) enhanced luciferase gene expression levels of HBG complexes, but did not change the percentage of expressing cells. These findings also correlate with an enhanced average intensity of GFP expression per cell. Chloroquine cannot enhance gene expression levels mediated by the large particles formed in HBS; in fact, percentage of 
Medium was replaced after 4 h with 2.5 ml RPMI plus 10% FCS. Luciferase assay was performed after 24 h as described.
expressing cells is reduced most probably by slight cytotoxic effects of chloroquine (as also previously observed).
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Discussion
The assembly of one or several DNA molecules and a large number of polycation conjugates into one complex is a critical step in generating nonviral gene transfer particles. Ideally, homogenous, small, soluble and stable DNA complexes are formed. The type, size and modification of the cationic carrier, the carrier/DNA charge ratio and also the protocol of complex formation can strongly influence the particle size. other groups [8] [9] [10] [11] [12] [17] [18] [19] [20] we have been recently exploring polyethylenimine (PEI) as a cationic carrier, because it is easily available in large quantities, can efficiently condense DNA, can deliver it into the cell by ionic or, in the case of ligand conjugates, receptor-specific interactions, and release the DNA intracellularly from endocytic vesicles. In this paper we investigated different factors that influence the size of DNA complexed with (PEI) or transferrin-PEI conjugates. Unexpectedly, small and stable particles obtained by an optimized protocol show significantly lower gene expression levels in transfection experiments (see below).
In accordance with recent findings by other groups 7, 21 we found that DNA/PEI (and also Tf-PEI) complexes form 30-60 nm particles, which under physiological salt concentrations, aggregate to larger structures unless they possess excess positive charges (N/P 6 or higher). In our studies we used 800 kDa PEI (and conjugates), but related findings were made with 25 kDa PEI. 7 When using conditions of low salt concentration (30 mm or lower), this aggregation can be prevented even at low N/P charge ratios. The main fraction of complexes consists of the small particles, with only very few larger aggregates. When adding salts (PBS or cell culture medium without serum) to these complexes, aggregation is induced. The presence of fetal bovine serum in the culture medium can prevent this salt-induced particle growth, probably by adsorption of serum proteins to the complex surface preventing particle-to-particle interactions.
When the transfection efficiency of small particles (30-60 nm) and aggregated DNA particles (average 300-600 nm) was compared in cell culture systems (see Figure 5) , the larger particles mediated a 100-to 500-fold higher luciferase gene expression in Neuro2A neuroblastoma cells and erythromyeloid K562 cells. In the case of B16F10 melanoma cells a lower (10-fold) difference was found with the standard amount of DNA (5 g), but again a more than 100-fold difference was observed when using lower amounts (2.5 g) of DNA. Similar findings were made with transferrin-conjugated and ligand-free PEI. When particles were either formed at higher concentration, or the transfection was performed in the absence of serum, due to the particle aggregation (see Figure 4) DNA/Tf2PEI complexes were formed in 0.25 ml HBS or HBG, with a mixture of 2.5 g pCMVLuc plus 2.5 g pEGFP, at a N/P ratio of 6.0. Complexes were added to Neuro 2A cells (3 × 10 5 cells per well) in 0.25 ml RPMI plus 10% FCS, in the presence or absence of 100 m chloroquine. The medium was replaced after 4 h with 2.5 ml RPMI plus 10% FCS. Assays were performed after 24 h as described in Materials and methods. Luciferase expression level (relative luciferase units, RLU) and mean fluorescence intensity (MFI) of positive cells shown are the mean of two independent experiments, each performed in duplicates.
an increased gene expression is found (data not shown and Figure 5b) .
The finding that small particles are less effective could result from factors such as a reduced cell binding, by inefficient intracellular release, and/or subsequent steps of intracellular delivery. Regarding the first possibility, larger particles can sediment on to the cells, whereas small particles should stay in solution and contact with cells is limited by the Brownian molecular motion. 9 In agreement with this hypothesis, transfections with small particles were increased by either reducing the transfection volume or increasing the transfection time. In addition, binding assays of cells with fluorescently labeled DNA/TfPEI complexes by FACS analysis showed a 10-fold reduced cell association with the small complexes compared with the large aggregates (data not shown).
A second limitation for small complexes might be an impaired endosomal release. PEI is known to act as a 'proton sponge'; protonation of PEI within the acidic compartments like endosomes or lysosomes presumably triggers osmotic swelling and destabilization of the vesicle. 8 Consistent with this assumption a critical minimum amount of DNA-complexed PEI has to be present in the vesicle for successful disruption; the question arises as to whether this critical concentration would be provided by a single 40 nm small DNA/PEI particle or not. Evidence for an inefficient endosomal release is two-fold: (1) we have found increased transfection efficiency with the small (but not the large) transfection particles by adding the lysosomotropic drug chloroquine during the transfection; chloroquine is known to also trigger osmotic swelling of vesicles. 22 (2) Incorporating the endosomolytic peptide INF5 into the DNA/Tf-PEI complex enhances gene expression approximately 10-fold.
We applied a new method for the analysis of gene expression which allows discrimination between the number of transfected cells and the average intensity of expression per cell. For this purpose we used a modified protocol for flow cytometric analysis of green fluorescence protein gene expression. We observed that the differences of small and large particles in overall gene expression largely result from different expression levels per cell and less from a different percentage of expressing cells. Chloroquine treatment enhanced the intensity of expression per cell, but did not increase the number of expressing cells.
Previously, it was found with transferrin-polylysine complexes that DNA condensed to 80-100 nm toroid structures possess higher transfection activity than larger DNA complexes. 5 More recently it was confirmed that these particles do not lose their efficiency after filtering them through 400 nm membrane filters (MO, diploma thesis, University of Vienna, 1996). At first sight, these results seem to be in contradiction with the new findings with PEI-based transfection particles. However, in the previous experiments chloroquine was applied, because in contrast to PEI, polylysine is no proton sponge; transferrin-polylysine-mediated gene transfer to K562 cells is strictly dependent on chloroquine or another endosome-destabilizing agent. This aspect together with the finding that small DNA/PEI particles in the presence of chloroquine are also efficient in transfection largely resolve the apparent contradiction. Apparently, the differences between the large and small PEI complexes is not only in size, but also in their biological/biophysical properties such as acting on endosomal release. So novel and unexpected was the finding that even the large Tf-PEI/DNA particles (despite sizes of around 500 nm) can benefit from the mechanism of specific transferrin-receptor binding. Whether the internalization of receptorbound large particles occurs via endocytosis through clathrin-coated pit mechanisms or another mechanism, remains to be clarified.
In conclusion, the larger DNA/(transferrin)PEI complexes are the more efficient transfection particles, to a large extent because of their enhanced uptake and endosome destabilizing activity. This information may be useful for a series of in vitro transfections and also localized in vivo applications. Nevertheless, there are numerous reasons why small particles should be preferred for a series of in vivo applications, such as intravenous administration. Work confirming this assumption has been published for polylysine-based transfection particles 3, 4 or lipid-based systems. [23] [24] [25] Concerning the small PEI-based DNA complexes, the overall number of transfected cells is only slightly lower as compared with the larger particles. In fact, in most recent work 19 it was found that small DNA/PEI complexes generated in 5% aqueous glu-cose, showed a superior diffusibility and gene expression when injected into the murine brain.
Enhancement of gene expression levels should be possible by incorporation of membrane-active agents, as similarly demonstrated in the current paper by addition of chloroquine or an endosomolytic influenza peptide. In this context it can be mentioned that DNA/PEI complexed to inactivated adenovirus particles have been successfully used for the delivery of small and large DNA constructs. 12, 18 Ideal transfection particles for in vivo gene transfer should not only be small, but also uncharged/electroneutral. 26 As reported in this paper it is possible to find conditions where small DNA/PEI particles with a charge ratio close to electroneutrality can be formed and are stable. We find this a promising step towards transfection agents that do not interact with complement factors 27 or unspecifically bind to nontarget cells. 13 Our first in vivo applications of DNA/Tf-PEI support this hypothesis. In intravenous application of DNA/Tf-PEI complexes, we observed that the DNA aggregates formed in HBS display acute toxicity and also lethality in about 50% of the treated mice (RK, unpublished observation) while small DNA/Tf-PEI particles when applied at the same low N/P charge ratio did not show these symptoms. When these particles were properly stabilized against aggregation and plasma interaction by modification with polyethyleneglycol, they can circulate in the blood and mediate low, but significant in vivo gene expression in subcutaneously implanted tumors (MO and RK, manuscript in preparation).
Materials and methods
Chemicals
Polyethylenimine (MW 800 000 Da) was obtained from Fluka (Buchs, Switzerland) as 50% w/v solution. The solution was titrated with HCl solution to a pH of 7.4 and used as a 9 mg/ml stock solution and 1 mg/ml working solution. The plasmid pCMVLuc was described in Plank et al. 28 pEGFP was obtained from Clontech (Palo Alto, CA, USA). Transferrin-PEI conjugate synthesis was described in Kircheis et al. 11 Conjugates of PEI (800 kDa) and transferrin with molar ratios of transferrin to PEI of 2, 4 and 8 (ie Tf2PEI, Tf4PEI, Tf8PEI) were used. The peptide INF5 was described in Plank et al. 14 Chloroquine was obtained from Sigma (St Louis, MO, USA) and used as a 100 mm aqueous stock solution.
Complex formation
Ten micrograms of DNA and the desired amount of PEI or Tf-PEI (4.5 g for a N/P of 3.6, 6.0 g for a N/P of 4.8, 7.5 g for a N/P of 6.0, 9 g for a N/P of 7.2 and 10.5 g for a N/P of 8.4) were each diluted to a final volume of 250 l with either deionized water, 5% glucose/20 mm HEPES pH 7.4 (HBG), or 145 mm NaCl/20 mm HEPES pH 7.4 (HBS). The Tf-PEI solution was pipetted to the DNA solution and immediately mixed by thorough pipetting. The N/P ratio describes the molar ratio of PEI nitrogen/DNA phosphate.
Estimation of particle size of polycation/DNA complexes by laser light scattering Particle size of DNA/(Tf)PEI complexes was determined by quasi-elastic (dynamic) light scattering. Complexes were measured at a DNA concentration of 20 g/ml, a volume of 500 l was used for the measurement. The measurement was carried out with a BI90 particle size analyzer (Brookhaven, Holtsville, NY, USA). The wavelength of the laser used was 514.5 nm. Measurement was carried out at a fixed angle of 90°. Every measurement was carried out in two serial measurements, each 1 min. Measurements were carried out at least in duplicates.
Electron microscopy of polycation/DNA complexes The particles formed by DNA/(Tf)PEI complexes were investigated by electron microscopy. Freshly glowdischarged Formvar/carbon-coated Copper-grids, 300 mesh (Polaron, Watford, UK) were put on to a diluted drop of complex solution, incubated for 5 min at room temperature. A few drops of 1% uranyl acetate solution were then dropped on to the grid and the excessive fluid was soaked down with a filter paper. Microscopy was carried out on a Jeol 1200 Ex electron microscope (Jeol, Tokyo, Japan) at 80 kV.
Cell culture K562 cells (ATCC CCL-243 K-562) were cultured in Roswell Park Memorial Institute (RPMI) medium 1640 with 10% fetal calf serum (FCS), 2 mm glutamine, antibiotics. For transfections 300 000 to 500 000 cells per well were plated in 24-well plates (22.6 mm diameter, Costar, Acton, MA, USA) 3-4 h before addition of complexes.
Neuro2A cells (ATCC CCL 131 Neuro 2A) were cultured in RPMI medium 1640 with 10% fetal calf serum (FCS), 2 mm glutamine, antibiotics. 150 000 to 300 000 cells per well were plated in six-well plates (35 mm diameter, Costar) in 2.5 ml RPMI with 10% FCS 1 or 2 days before transfection.
B16F10 cells (kindly provided by IJ Fidler, Texas Medical Center, Houston, TX, USA) were cultured in DMEM with 10% fetal calf serum (FCS), 4 mm glutamine, antibiotics. 150 000 to 300 000 cells per well were plated in six-well plates (35 mm diameter, Costar) in 2.5 ml DMEM with 10% FCS 1 or 2 days before transfection.
Transfection of cells
Transfections were carried out with 5 g DNA per well (250 l) in the presence of the indicated volume of medium plus 10% FCS. After 4 h medium was replaced by 2.5 ml medium plus 10% FCS (RPMI-1640 for Neuro2A and K562 cells, DMEM for B16F10 cells). Routinely 24 h after transfection, cells were harvested in 250 mm TRIS pH 7.3, 0.5% Triton X-100, and luciferase activity was measured for 10 s from an aliquot of the supernatant using a Clinilumat LB9507 instrument (Berthold, Bad Wildbad, Germany). Values are given as total light units per transfection and are the means of duplicates.
Flow cytometric analysis of GFP expression
For FACS analysis, cells were transfected with with DNA/Tf2PEI (DNA:mixture of pCMVLuc and pEGFP 1:1 w/w) as described. After 24 h, cells were washed with PBS and incubated with 5 mm EDTA in PBS until cells detached from the surface. Analysis was carried out using a FACScan (Becton Dickinson, San Jose, CA, USA) using a modified protocol that allows discrimination between the percentage of expressing cells and the intensity of expression levels. GFP was excited using the 488 nm line of an argon laser; emitted light was collected at 520 nm and 575 nm to correct for autofluorescence. Data were acquired using linear amplification. Background fluorescence and autofluorescence were determined using mock-treated cells. The number of GFP-positive cells and the arithmetic mean channel number as measure for the mean fluorescence intensity (MFI) of that population, normalized to that of mock-transfected cells, was determined in two independent experiments in duplicates.
